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Spin and lattice dynamics of CaMn7O12 ceramics were investigated using infrared, THz and in-
elastic neutron scattering (INS) spectroscopies in the temperature range 2 to 590K, and, at low
temperatures, in applied magnetic fields of up to 12T. On cooling, we observed phonon splitting
accompanying the structural phase transition at TC = 450K as well as the onset of the incom-
mensurately modulated structure at 250K. In the two antiferromagnetic phases below TN1 = 90K
and TN2 = 48K, several infrared-active excitations emerge in the meV range; their frequencies cor-
respond to the maxima in the magnon density of states obtained by INS. At the magnetic phase
transitions, these modes display strong anomalies and for some of them, a transfer of dielectric
strength from the higher-frequency phonons is observed. We propose that these modes are electro-
magnons. Remarkably, at least two of these modes remain active also in the paramagnetic phase;
for this reason, we call them paraelectromagnons. In accordance with this observation, quasielastic
neutron scattering revealed short-range magnetic correlations persisting within temperatures up to
500K above TN1.
I. INTRODUCTION
Electromagnons are collective spin excitations occur-
ring in many magnetoelectric multiferroics, contributing
to their dielectric response and potentially also to the
magnetic one1–4. They appear frequently in the THz-
range spectra below phonons, and they are frequently
understood as spin waves excited by the electric compo-
nent of the incident electromagnetic radiation; more pre-
cisely, they contribute to the off-diagonal components of
the magneto-electric susceptibility tensor. Although elec-
tromagnons were observed in a variety of multiferroics,
there is still no universal microscopic theory which would
explain the mechanisms giving rise to electromagnons.
Depending on the crystalline and magnetic structure,
the magnons can be activated in the THz-range di-
electric spectra by one of the following magnetoelectric
coupling mechanisms: the magnetostriction5,6, inverse
Dzyaloshinskii-Moriya interaction7,8 or spin-dependent
hybridization of the p and d orbitals9. Interestingly, in
one material, the magnetoelectric coupling mechanism
leading to activation of electromagnons can be differ-
ent from the one giving rise to the static spin-induced
polarization. For example, in the well-known multifer-
roic TbMnO3, the polarization is induced by the inverse
Dzyaloshinskii-Moriya mechanism, while at least some
electromagnons are activated by magnetostriction5. Fur-
thermore, it is still unclear how the electromagnons ex-
hibiting a wavevector off the Brillouin-zone (BZ) center
can be excited by the incident photons with wavevec-
tors near the BZ center, q ≈ 0; it seems that this may
be allowed by the modulation of the magnetic struc-
ture. Generally speaking, the electromagnons as exci-
tations which are both electric- and magnetic-dipole ac-
tive reveal the dynamical features of the magnetoelec-
tric coupling5–9, and studying their temperature- and
magnetic-field-dependent properties may provide insight
into the symmetry of the spin subsystem of the materials.
Among the many spin-driven multiferroics which
have been studied intensively in the last years, the
mixed-valence manganate CaMn7O12 distinguishes itself
by several prominent features. At low temperatures,
the material exhibits a strong magnetoelectric10,11 and
magnetoelastic12 coupling. The spontaneous ferroelec-
tric polarization saturates at Ps = 2.9mC/m
2 below
the temperature of 40K, which represents the highest
value among the currently known magnetically driven
ferroelectrics13. As a consequence of the magnetoelec-
tric coupling, the polarization decreases in external mag-
netic field10. The spins of the Mn ions are arranged in
a way giving rise to a so-called ferroaxial ordering, cor-
responding to a spiral arrangement of the spins with a
chiral symmetry13. In different studies, all the three in-
teractions cited above were identified as the dominant
coupling mechanism leading to the exceptionally high
electric polarization13–16. There is no clear agreement
about the respective contributions of these mechanisms
as yet. Moreover, the record value of Ps for a multiferroic
material requires an explanation, which appears to be a
challenging task.
The usual way of identifying electromagnons consists
in measuring the polarization-sensitive spectra of the
infrared (IR)-active excitations polarized along all the
crystallographic axes1,2,17. In this case, selection rules
2for the polarization of both the electric and the mag-
netic vectors of the electromagnetic radiation must be
taken into account. Electromagnons can be also distin-
guished from phonons or purely magnetic active spin
waves (magnons) using measurements of the so-called
directional dichroism18–20. However, both these ap-
proaches fail if sufficiently large crystals (thin slabs with
two faces of typically several mm2) are not available. We
have shown recently21 that in such a case, the electro-
magnons can be recognized using a combination of unpo-
larized IR spectra and inelastic neutron scattering (INS).
If there are IR-active excitations activated below a mag-
netic phase transition temperature, which receive dielec-
tric strength from polar phonons, and if these excitations
are observed as magnons in the INS spectra, then these
excitations can be attributed to electromagnons. In view
of this method we have studied, using Fourier-transform
IR (FTIR), time-domain THz and INS spectroscopies,
the low-energy spectra of polycrystalline CaMn7O12, in
a broad temperature interval from 2 to 590K.
II. PROPERTIES OF CaMn7O12
At high temperatures, CaMn7O12 has a cubic symme-
try with the space group Im3. The atomic arrangement
can be considered14 as a variant of the perovskite struc-
ture with a set of regularly alternating four ABO3 units
and a sum formula (CaMn3)Mn4O12. This phase features
two different Mn positions; one occupying the oxygen oc-
tahedra centers with a mixed valence of 3.25, and one
placed in the perovskite cube corners, exhibiting a va-
lence of 322. At TCO = 440K, the compound undergoes
a charge-ordering metal-insulator23 phase transition to a
phase with a rhombohedral structure (space groupR3)24.
In this phase, the mixed-valence Mn atoms shift into two
Wyckoff positions—9d and 3b, displaying valences of +3
and +4, respectively; the two kinds of octahedra are sub-
ject to two different Jahn-Teller distortions24.
The next phase transition at Tinc = 250K gives rise
to Mn orbital ordering16. At the same time, an incom-
mensurate structural modulation along the c-axis25 with
a propagation vector qc ≈ (0, 0, 2.08) appears
16. On fur-
ther cooling, the crystal undergoes two magnetic phase
transitions. At TN1 = 90K, a long-range helical anti-
ferromagnetic order with a magnetic superspace group
R31′(00γ)ts (Ref. 26) and a spin-induced ferroelectric
polarization develop10,13; the magnetic propagation vec-
tor qm = qc/2 is temperature-independent
12. The or-
bital modulation was identified as one of the key ele-
ments stabilizing the helical magnetic structure16. Be-
low TN2 = 48K, a different antiferromagnetic phase is
observed, where the magnetic ordering can be described
by two temperature-dependent propagation vectors qm1
and qm2
13,26. These are parallel with the c-axis, and their
average is equal to qm. Near TN2, a temperature hystere-
sis of the magnetization was detected.27 It was shown
that the magnetization M below TN2 exhibits a memory
of the magnetic field applied during the cool-down. The
latter observation was interpreted in terms of superpara-
magnetic clusters, which could be also at the origin of
the M(T ) hysteresis27.
III. SAMPLES AND EXPERIMENTAL DETAILS
According to earlier published works, it is very difficult
to produce single crystals substantially larger than a frac-
tion of a cubic millimeter,13 which would be necessary for
spectroscopic studies with incident waves polarized along
the crystallographic axes. Therefore, such studies must
be performed on polycrystalline or powder samples only.
Our CaMn7O12 powder was prepared by the modified
Pechini method using calcium and manganese nitrates in
a stoichiometric ratio, ethylene glycol and water. The
solution was slowly heated up to 250 ◦C, the resulting
black foam was ground and the powder was annealed at
830 ◦C (24 h), 930 ◦C (48 h) and 950 ◦C (48 h) with in-
termittent grinding. Subsequently, the powder was uni-
axially pressed at 400MPa (3 min) to a pellet with a
diameter of 12mm and sintered at 950 ◦C for 48 h. The
density of the pellet was about 80% of the single crystal
value. Its phase purity was verified by means of pow-
der x-ray diffraction, excluding other stoichiometry than
CaMn7O12 beyond one weight per cent. The pellet was
thinned down to a thickness of 0.36mm and optically
polished.
IR reflectance and transmittance measurements with
a resolution of 2 and 0.5 cm−1, respectively, were per-
formed using the FTIR spectrometer Bruker IFS-113v.
An Oxford Instruments Optistat optical cryostat with
polyethylene windows was used for sample cooling down
to 10K, and a liquid-He-cooled Si bolometer operating
at 1.6K served as a detector. For measurements at high
temperatures, a high-temperature cell (SPECAC P/N
5850) was used. Far-IR transmittance with an applied
magnetic field was measured using another Bruker IFS-
113v spectrometer and a custom-made cryostat with a
superconducting magnet. This setup allowed measure-
ments at 2 and 4K in the Faraday geometry with an
external magnetic field of up to Bext = 12T. Time-
domain THz spectroscopy was performed by measuring
the complex sample transmittance using custom-made
spectrometers based on Ti:sapphire femtosecond lasers;
one with an Optistat cryostat, used for measurements
without magnetic field, and one with an Oxford Instru-
ments Spectromag cryostat, enabling measurements with
Bext ≤ 7T. Here, the Voigt configuration was used; the
electric component of the THz radiation ETHz was set
parallel to Bext. Reference measurements with an empty
aperture, enabling a reliable determination of the trans-
mittance, were performed systematically at each value of
applied magnetic field. The same results, within the ex-
perimental accuracy, were obtained also forBext ⊥ ETHz.
INS experiments using about 3 g of loose CaMn7O12
powder were performed first at 10K in the IN4 time-of-
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FIG. 1. IR reflectivity spectra of CaMn7O12 ceramics in
a broad temperature range. The low-temperature spectra
above 620 cm−1 could not be obtained due to opacity of the
polyethylene windows of the cryostat.
flight spectrometer at the Institut Laue-Langevin (ILL
Grenoble, France), and within temperatures from 10
to 590K using the MARI time-of-flight spectrometer at
the ISIS facility, Rutherford Appleton Laboratory (UK).
The low-temperature dielectric permittivity at 1 kHz was
measured in magnetic field of up to 9T using the high
precision capacitance bridge Andeen-Hagerling 2500A in
a PPMS 9T instrument, Quantum design.
IV. RESULTS AND DISCUSSION
A. IR spectroscopy
Fig. 1 shows the IR reflectivity spectra of CaMn7O12
ceramics at selected temperatures in all known phases.
In the high-temperature cubic phase, 13 modes are ob-
served. Moreover, below ca. 150 cm−1, an increase in
reflectivity towards low frequencies is seen, typical of ab-
sorption on free carriers. Below TCO, the sample be-
comes insulating and the reflection on the free carriers
disappears. Upon decreasing temperature and lower-
ing of crystal symmetry, the number of observed polar
phonons increases and at the lowest temperatures, 40
IR-active modes can be distinguished in the reflectivity
and transmittance spectra. The frequencies of all ob-
served modes in the whole temperature range are shown
in Fig. 2. Here and in the following, ωj stands for the
mode eigenfrequency of the j-th mode which can be, in
principle, either the transverse optical phonon frequency
ωTO or an (electro)magnon frequency ωmag.
We have performed a factor-group analysis of BZ-
center lattice vibrations for the cubic Im3 and trigonal
R3 symmetries. In both crystal structures, the primitive
unit cell contains a single formula unit with 20 atoms, im-
plying 60 vibrational degrees of freedom. For the cubic
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FIG. 2. Temperature dependence of the mode eigenfrequen-
cies obtained from fits of IR and THz spectra. The numbers
of modes observed in different phases are stated above.
structure, we obtained the following phonon counts:
Γ
Im3 = 12Fu(IR) + 2Au(−) + 2Eu(−) +
+ 2Ag(R) + 2Eg(R) + 4Fg(R). (1)
where IR, Raman-active (R) and silent modes (–) are
marked in the parentheses. The analysis for the trigonal
structure yields:
Γ
R3 = 14Eu(IR) + 14Au(IR) + 6Ag(R) + 6Eg(R). (2)
Thus, after subtraction of acoustic modes, 11 and 26
IR-active modes are expected in the cubic and trigonal
phases, respectively.
The most interesting changes related to the magnetic
ordering occur in the frequency range below 80 cm−1
(10meV); they can be well observed in both the FTIR
and the THz transmittance spectra. Whereas the FTIR
transmittance offers a higher sensitivity especially for
photon energies above 7meV and a better spectral res-
olution, the measured absorption lines are overlapping
with the interference patterns (i.e., the periodic oscilla-
tions seen in Fig. 3a) arising from multiple reflections
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FIG. 3. Spectra of (a) far-IR transmittance, (b) real and (c)
imaginary parts of the complex refractive index N = n + iκ
obtained by THz time-domain spectroscopy. The red dot-
ted line in part (c) shows the low-frequency wing from the
phonons at frequencies above 90 cm−1, obtained from fits.
of the far-IR waves on the parallel sample surfaces. By
contrast, the THz time-domain spectroscopy directly re-
veals the complex optical constants up to 9meV, it avoids
the interferences by separating the multiple reflections in
time, but it is difficult to achieve a good resolution of
narrow spectral lines. Thus, using both these comple-
mentary techniques is the best approach for obtaining a
detailed spectral information in the far-IR range.
Fig. 3a shows the far-IR transmittance as a function
of temperature. Upon cooling, between 300 and 200K,
the transmittance slightly increases due to a decrease in
the phonon damping and the related losses. In contrast,
below 200K, a decrease in the transmittance occurs. At
first, a broad absorption band around 50 cm−1 gradu-
ally develops with cooling, with the fastest increase in
its intensity near TN1 where the band becomes narrower.
Mainly below TN2, another absorption band is seen near
28 cm−1. Analogous changes occur in the spectra of the
complex refractive index obtained by THz spectroscopy
(see Figs. 3b, c).
Both FTIR transmittance and THz spectra were fit-
ted assuming a sum of Lorentz oscillators describing a
dispersion in the dielectric permittivity only. We are
keenly aware that this is a rough simplification. Whereas
this model is perfectly valid for phonons, i.e. excita-
tions located approximately beyond 90 cm−1, the lower-
frequency ones can contribute, to some extent, also to the
magnetic permeability. Furthermore, the model of a sum
of harmonic Lorentz oscillators is not exact in magneto-
electric multiferroics, since the off-diagonal components
of the magneto-electric susceptibility tensor contribute to
the complex index of refraction19. Nevertheless, we used
the classical oscillator model to describe the dispersion
in N , similarly to earlier works (see, e.g., Ref. 2), which
allowed us to determine quantitatively the parameters of
all observed excitations.
Careful simultaneous fitting of the IR transmittance,
FTIR reflectivity and THz spectra implies that while
there is a single absorption mode near 50 cm−1, the shape
of the spectra near 30 and 75 cm−1 is such that for their
correct modelling, a doublet for each of these regions
is required. The temperature dependence of the mode
frequencies is shown in Fig. 4a. The marked anomalies
in the intensities (i.e., oscillator strengths ∆εj ω
2
j ) and
damping constants γj of the modes below 60 cm
−1 near
TN1 and TN2 suggest that these are connected with the
magnetic order (see Fig. 4b). Interestingly, the mode
seen near 50 cm−1 is clearly present with a high damping
also in the spectra in the paramagnetic phase at least
up to 200K. As for the doublet near 75 cm−1, the sensi-
tivity of our experimental methods is somewhat lower
in this region, but the two modes can be clearly dis-
cerned at 10K. Even at higher temperatures, absorption
at these frequencies is necessary for a correct description
of the spectra by fitting. As an example, Fig. 3c shows
a spectrum of the extinction coefficient calculated using
a model where only the harmonic oscillators with eigen-
frequencies ωj > 90 cm
−1 were included; omitting the
modes at and below 80 cm−1 leads to a marked discrep-
ancy from the experimental data. Thus, thanks to mod-
elling the spectra, we were able to follow these modes
between 10 and 300K. Above room temperature, they
may still exist, but the sample becomes opaque in this
spectral range, and the modes are probably too weak to
be seen in the reflectivity spectra.
Fig. 5 shows the spectra of IR transmittance and of
the extinction coefficient measured by THz spectroscopy
below 80 cm−1 at the lowest temperatures, as a function
of Bext. The magnetic-field dependence of the mode fre-
quencies is shown in Fig. 6. Two kinds of changes were
observed with increasing Bext. First, the frequencies of
the modes shift slightly; if a field of Bext = 7T is applied,
the modes at 48 cm−1 and 28 cm−1 harden by about
1 cm−1, whereas the one near 27 cm−1 softens by about
1.5 cm−1. Second, additional weaker but clearly observ-
able satellites arise progressively around 55 and 30 cm−1
(see Fig. 5). Whereas the position of the satellite near
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FIG. 4. Temperature dependence of (a) frequencies ωj of
the vibrational modes observed below 120 cm−1, (b) their
oscillator strengths, and (c) dampings of excitations below
80 cm−1. These parameters were obtained by fitting the mea-
sured FTIR and THz spectra. For clarity, the error bars are
shown only at selected temperatures. The errors in frequen-
cies of modes above 90 cm−1 are smaller than the symbols.
55 cm−1 is independent of the magnetic field, the split-
ting of the one appearing near 30 cm−1 increases up to
ca. 6 cm−1 for Bext = 12T. The shapes of the individual
lines, contributing to the absorption at this value of Bext,
are shown in Fig. 5c. Such a splitting corresponds quali-
tatively to a behavior which was theoretically predicted28
for multiferroics with a spiral arrangement of spins.
The absorption peaks observed for energies below
10meV can, in principle, be due to phonons or magnons;
the changes in the spectra with temperature and mag-
netic field provide indications for either of these types.
The doublet at 75 and 78 cm−1 (Fig. 6) is likely due to
polar phonons, because it is active already at 300K. How-
ever, one of these modes can be also partly due to a spin
excitation, since the magnon density of states (DOS) ex-
hibits a broad maximum in this energy range (see the
discussion of the INS data below). In the rhombohe-
dral phase, 25 modes (including these two) are observed,
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FIG. 5. (a) Low-energy FTIR transmittance in external mag-
netic field (Faraday geometry) at T = 2K. The arrows mark
frequencies of modes at Bext = 12T. (b) Extinction coef-
ficient at T = 4K as a function of Bext, obtained by THz
spectroscopy in the Voigt geometry. (c) Contributions of in-
dividual modes to the extinction coefficient at T = 4K and
Bext = 12T, obtained from the fit of the FTIR transmittance.
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FIG. 6. Magnetic-field dependence of the mode frequencies
obtained from the spectra fits for T = 2K.
6while the crystal symmetry allows up to 26 zone-center
phonons (see Eq. 2). The missing mode can be weak or
overlapping with another one. At Tinc, CaMn7O12 under-
goes a structural phase transition to an incommensurate
structure, where 12 new modes appear in the spectra; this
kind of transitions is known to activate polar phonons due
to folding of the BZ29. Among them, there are the modes
below 60 cm−1 which we attribute to spin waves owing to
the significant changes in intensities and dampings they
exhibit near the magnetic phase transitions and splitting
in external magnetic field. Further confirmation of the
magnetic character of these modes was obtained by INS.
The oscillator strengths of the excitations below
80 cm−1 increase below TN1 and TN2, whereas some
phonon oscillator strengths decrease below these criti-
cal temperatures (see Fig. 4b). Some changes in the os-
cillator strengths can be caused by mode splitting near
100K which clearly occurs for phonons above 95 cm−1.
At the same time, it is very likely that some strength is
also transfered to the newly appearing excitations, which
must have a magnetic nature, as discussed above. This
would be a signature of dynamic magneto-electric cou-
pling. Therefore, the observed low-frequency excitations
are likely to be electromagnons. A definite confirmation
of the electromagnons could be obtained only by an anal-
ysis of polarized THz and IR spectra of single crystals,
which are currently not available.
B. Inelastic neutron scattering
In a polycrystalline sample, it is not possible to de-
termine directly the phonon and magnon dispersion
branches in the BZ. Instead, the data obtained by INS
correspond to an orientation-averaged scattering func-
tion S(Q,E) where Q is the total momentum transfer
and E the energy transferred from the neutrons to the
crystal lattice. Beyond the quasielastic neutron scatter-
ing (QENS) region, delimited by the energy transfer of
E ≈ 1meV, three scattering intensity maxima are ob-
served at 10K for Q < 1 A˚−1 (see Fig. 7a); they occur
near E = 3.5, 6 and 10meV, in a very good agreement
with the frequencies of the modes observed in IR trans-
mittance and THz spectra (see Fig. 3). It is worth noting
that upon heating, this scattering zone becomes broader
but it can still be detected up to T = 590K (see Fig. 7b).
The magnetic character of these excitations is unambigu-
ously established30 by the fact that the scattering inten-
sity of magnons decreases with increasing Q. In contrast,
the phonons can be observed at higher values of Q; in
our case, they were detected at Q > 7 A˚−1 (see Fig. 7c).
By integrating S(Q,E) over a low-Q interval for differ-
ent temperatures, one can obtain the magnon DOS (see
Fig. 7d). In general, the peaks in the DOS correspond
to extremes of magnon branches, i.e., to magnons either
from the BZ center, BZ boundary or to a minimum of a
magnon branch if the magnetic structure is modulated.
It is well known that electromagnons can be activated in
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FIG. 7. Bose-Einstein-factor-normalized INS intensity at (a)
10K and (b) 590K. (c) Map of INS intensity at 10K in
broader Q and E ranges than in (a), showing additionally
the phonon absorption at higher Q. Note the different inten-
sity scales in parts (a)–(c). (d) Magnon DOS determined by
integrating the INS maps over the Q range from 0.5 to 3 A˚
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.
The data come from the ISIS facility except the part (a) which
was measured in ILL.
the IR spectra just at these wavevectors6. Therefore, all
the available evidence supports the hypothesis of electro-
magnon modes in our spectra.
Furthermore, one can see a weaker magnon signal in
the INS spectra peaking around 20meV and Q < 2 A˚−1
(see Fig. 7c). We attribute this signal to two-magnon
scattering, which corresponds to the observed maximum
in the INS intensity at 10meV (see Fig. 7a). Alter-
natively, the weak magnon maximum could be due to
one-magnon scattering; one can find also a matching vi-
brational mode near 20meV in the IR spectra (Figs. 1
and 2). However, its oscillator strength seems to be too
high for a magnon and the shape of the reflectivity spec-
tra does not correspond to a magnon31. Therefore, we
conclude that the (electro)magnons probably exist up to
about 10meV only.
Whereas the existence of the lower-energy magnon
band (near 3meV) in the IR-active spectra is clearly
limited to the phase with long-range magnetic order-
ing which exists below TN2, the mode near 6meV is
strong below TN1 but it weakly persists far above TN1
(see Fig. 3), as does the magnetic-field sensitive mode
near 9meV. These observations lead us to the conclu-
sion that some kind of short-range magnetic ordering
exists even if the long-range magnetic ordering is sup-
pressed by the thermal vibrations. An analogous observa-
7tion of short-range magnetic order, persisting 15K above
the Ne´el temperature, was reported recently for non-
stoichiometric multiferroic Ca1−xCuxMn7O12
26 with x ≥
0.1; to our knowledge, no such effect was observed yet
for the stoichiometric compound with x = 0. We sup-
pose that the absorption maxima near 6 and 9meV might
be linked to short-wavelength (high-wavevector) magnon
modes situated near the BZ boundary and, since these
modes are observed throughout the paramagnetic phase,
we suggest to call them paraelectromagnons. Indications
of similar overdamped excitations were observed earlier
in paramagnetic phases of other multiferroics, e.g. in
TbMnO3
17, GdMnO3
32, TbMn2O5 or YMn2O5
33, but
their origin and the reason for their activation in the THz
spectra were not discussed in the literature yet. Based
on our experimental results, we believe that the paraelec-
tromagnon frequencies correspond to those of magnons
from the BZ boundary; their activation would be a con-
sequence of a relaxation in selection rules in the incom-
mensurately modulated magnetic structure. Further, we
assume that the paraelectromagnons exist far above TN1
due to short-range magnetic correlations and that they
are excited by the electric component of the electromag-
netic radiation due to magnetostriction, in the same way
as zone-boundary electromagnons below TN.
5,6
The idea of short-range magnetic ordering at temper-
atures far from the magnetic phase is further supported
by our results of the QENS. Fig. 8 shows the temperature
dependence of the scattering intensity S(Q,E) integrated
over the energy interval 0 ≤ E ≤ 1meV as a function of
the momentum transfer Q. Within the whole tempera-
ture range (10 to 590K), a contribution due to coherent
QENS was observed with an intensity substantially ex-
ceeding the noise floor. Remarkably, upon heating above
TN1, the QENS intensity increases up to Tinc where it
reaches the maximum. On further heating, a decrease
is observed, but the QENS intensity remains high and
approximately constant even in the metallic cubic phase,
up to 590K.
It is worth noting that our observation of presumed
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FIG. 9. Temperature dependence of the permittivity at 1 kHz
upon cooling and heating with various intensities of external
magnetic field. The inset shows in detail the temperature
region below 70K.
electromagnons differs from those reported in single-
crystal multiferroics, where a step-like increase in the
permittivity often occurs below the temperature where
the electromagnon activates.34 In contrast, for our poly-
crystalline sample of CaMn7O12, upon cooling, the per-
mittivity decreases substantially down to 40K due to a
drop in conductivity (above 100K, the loss tangent ex-
ceeds unity); we suppose that this compensates the ex-
pected increase in the real part of the permittivity upon
electromagnon activation. Nevertheless, we observed a
small peak in ε(T ) at TN2, followed by an increase below
40K (see Fig. 9). One can also observe a decrease in per-
mittivity with magnetic field, which can be explained by
stiffening of the electromagnons.
V. CONCLUSION
We have performed a thorough spectroscopic study of
polycrystalline multiferroic CaMn7O12 over a wide range
of temperatures and applied magnetic fields. Our anal-
ysis of the FTIR, THz time-domain and INS spectra
proves the existence of magnon modes, including prob-
ably one electromagnon at 6meV and one at 10meV.
In the paramagnetic phase, these modes become heavily
damped, largely lose their oscillator strengths and dis-
appear as much as 100–200K above TN1. We propose
to call such spin modes paraelectromagnons, by analogy
with paramagnons. Although our experimental results
do not allow us to draw a precise microscopic picture of
these modes, the absence of long-range magnetic order-
ing in the incommensurate phase lets us conclude that
the observed absorption peaks near 6 and 10meV can
correspond to dynamical short-range correlations which
give rise to a maximum in the magnon DOS at the edge of
the BZ. These peaks, together with the unusually strong
QENS present up to high temperatures, are apparently
linked to the underlying structure and to strong short-
8range spin-spin interactions, which are also at the origin
of the record ferroelectric polarization in CaMn7O12.
Even if our experiments show that the magnetoelectric
character of the excitations seen below 10meV is highly
probable, its final confirmation could be obtained only by
measurements of directional dichroism or by a detailed
polarization analysis of the THz spectra. Unfortunately,
such experiments require relatively large single crystals
of CaMn7O12, which are currently not available.
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